US 20090309535A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2009/0309535 A1

Kitagawa 43) Pub. Date: Dec. 17, 2009
(54) MOTOR CONTROL APPARATUS AND Jun. 18,2008  (JP) ceoevierceccccerc 2008-159256
MOTOR CONTROL METHOD
Publication Classification
(75) Inventor: Takayuki Kitagawa,
Tovohashi-city (TP (51) Imt.CL
oyohashi-city (JP) HO2P 27/08 (2006.01)
Correspondence Address:
POSZ LAW GROUP, PLC (52) US.Cl .ot 318/722
12040 SOUTH LAKES DRIVE, SUITE 101
RESTON, VA 20191 (US) (57) ABSTRACT
. ) . A first duty ratio of a drive command signal is computed by
(73)  Assignee: ASMO €O, LTD., Kosai-city (JP) comparing a level of the drive command signal with a first
51} Appl. No.: 12/457.350 threshold value at a motor controller of a blower motor appa-
(1) Appl. No ’ ratus. A second duty ratio of the drive command signal is
(22) Filed: Jun. 9, 2009 compyted by comparing the level of the drive command sig-
nal with a second threshold value at the motor controller. A
(30) Foreign Application Priority Data control signal is generated based on the first duty ratio and the

Jun. 17,2008  (IP)

................................. 2008-158270

POWER
SOURCE (5V)

second duty ratio in the motor controller and is used to drive
a blower motor of the blower motor apparatus.

~16 10

AIR
CONDITIONING
ECU

12

BLOWER MOTOR APPARATUS

DRIVE COMMAND
SIGNAL St

~—20

MOTOR 18

CONTROLLER DRIVE

SIGNAL S3

SENSOR OUTPUT




US 2009/0309535 Al

Dec. 17,2009 Sheet 1 of 15

Patent Application Publication

8l

—  e— em—— — o e — — ——— — — — — ————

€S

T 1NdLN0 YOSNIS

WNDIS

JA1YQ

0z~

IS TVNDIS

—_— . e e — — ——

43 TI04LNOD
* MOLOM o ANYIWOD A1
SNLYHVddV ¥OLON ¥3M0lg | Kihs
(AS) 30408
91~  ¥mod

Ol

o3
ONINOI L1aNOD
41y
1 Ol



US 2009/0309535 Al

Dec. 17,2009 Sheet 2 of 15

Patent Application Publication

1Nd1N0 YOSN3S

s
£S TNDIS e NO11v.10d
>
gl JA140 (TVNDIS WMd)
| 2S NDIS
: J041NOD
2z’ o
_ Y3TT1041INOD ¥OLOW
0z’

|

|

_

_

|

|

_ _
_ L1noY19
_ .

|

_

|

|

_

.

_

~ SM11vdvddY 4OLOW H3mMO18

LS VNODIS
ANVIAWOD -
JA YA



US 2009/0309535 Al

Dec. 17,2009 Sheet 3 of 15

Patent Application Publication

AS 'O 1
39V1T0A .bml_\
LINOY19
JOM1NOD - a¢

NOILV10Y Ag 'z L

JOV1710A .gmmnlﬁl

e

¥4I TI0LNOD HOLOM ASAAA
SNLVYVddY YOLON ¥ImoTd 0z~
____ ONIVevddv ¥OiON ¥AMovd o
p-

4

IS TYNDIS)

£

ANVWWOO

1nd1no
nd3

nod3
ONINOILIANGD Y1V

m
w
|
_

21

¢ Old




Patent Application Publication  Dec. 17, 2009 Sheet 4 of 15 US 2009/0309535 A1

FIG. 4A

ON
ECU OUTPUT |

OFF

FIG. 4B
oy b .

S1 ELECTRIC .. e 48
POTENTIAL | ‘ - .

O V - — —_—— e — — — -

FIG. 5A
ECU OUTPUT (;):F |—_‘ :

FIG. 5B

]

f50

S1 ELECTRIC
POTENT 1AL

oV e mm e m e — - ————--



Patent Application Publication  Dec. 17, 2009 Sheet S of 15 US 2009/0309535 A1

FIG. 6A

~S1
2. 5V }‘ “““““ —————— ] ___1_’_48 .
0. 5V | ‘,‘.‘--52 |
FIG. 6B
2. 5V r __________________ Somm- ,-48
0. 5V |1[ e e 52
FIG. 6C
2. 5V ‘_—_‘*——'——-——‘————.—_— ________ _1:48
52

0. 5V




Patent Application Publication

"/ MOTOR CONTROL
OPERATION

=~
r-

COMPUTE :
FIRST DUTY RATIO

COMPUTE
SECOND DUTY RATIO.

Dec. 17,2009 Sheet 6 of 15 US 2009/0309535 Al
L—~_- 100
102

~ 0% <
FIRST DUTY RATIO ?

106

/_/

EXECUTE OPERAT |ON
UNDER NO DISTURBANGE

~NO

108

- 0% <
SECOND DUTY RATIO
< 100% ?

YES
110
[~,/

EXECUTE OPERATION
UNDER DISTURBANCE

o2 |
Iad ,

STOP ROTATION




US 2009/0309535 Al

Dec. 17,2009 Sheet 7 of 15

Patent Application Publication

INTVA G10HSFYHL
AS 0 40 357Nd

ANTVA QI0HSFYHL
~AS ¢ 40 3IS7nd

NO
1 NSO
NGC ‘
TVI11N310d
J1410313 IS
NG
8 OId



US 2009/0309535 Al

Dec. 17,2009 Sheet 8 of 15

Patent Application Publication

¥ITIONINDD |
ol \\/+\Ammmv..... NOLON-  [2

1NdLN0 YOSNIS

9S TYN9IS

~ ONVANOD
NOI103dSN|

SN1VYvddv
NO | 193dSN|

=
€5

6 Ol



Patent Application Publication  Dec. 17, 2009 Sheet 9 of 15 US 2009/0309535 A1

FIG. 10A

f,s1
| .48
2 5y H-—fp- | I I IS
.52
0.5V } N I R
FIG. 10B ,
o .48
D B\ freerommmmmmmemememe i
St .52
0.5V | — | o
FIG. 10C
~SC

0.5V

- | » ...48
25v rt-cbbeee A - R
o B2

FIG. 10D

2 6V < [ S EERTEERE SRS o
O X VA |




US 2009/0309535 Al

Dec. 17,2009 Sheet 10 of 15

Patent Application Publication

| —~ ¢l —~{ el —~{ol i
JnIL - : o
LR
~3
mr
<
B
m
...... _ -{13A3T H
T T N
L _ - |
S =9 300N NOILO3dSNI d1l D4
oL, Al el ¢l
. e 1T
- 10 ! m 13A37 1
1 ol -5
! ' , | mir—
1 | T2
— S S S 3 - L He U fqapgn
an 211 gl o1l
AN : . .
77— 0 (LIS 1408) TIONINGD TYIRON Vil G_W_



Patent Application Publication  Dec. 17,2009 Sheet 11 of 15 US 2009/0309535 A1

FIG.

FIG.

12A

NORMAL CONTROL (SOFT START)

ROTATIONAL SPEED (rpm)

' Ta

TIME (s)
INSPECT ION MODE
T A
y
o
&
=
2
—_
=
S
Tac Ta

TIME (s)



Patent Application Publication

(oo )

OTOR CONTRO
OPERATION

>

COMPUTE DUTY RATIO Da
OF COMPARATOR 2A

* COMPUTE DUTY RATI0 Db
OF COMPARATOR 2B

Dec. 17,2009 Sheet 12 of 15 US 2009/0309535 A1
FIG. 13
L—~_~ 200
202

204

0% <
DUTY RATIO Da <
100% ?

DUTY RATIO Db <
100% ?

/_/

208

NO

212

0% <
DUTY RATIO Db ?

214
[~

_ EXECUTE -
NORMAL OPERAT ION

- EXECUTE
NORMAL OPERATION

UNDER DISTURBANCE

| UNDER NO DISTURBANCE

210

v~ r}“‘
INESXPEE%UTTIEON —
NSFECTION. STOP ROTATION




US 2009/0309535 Al

Dec. 17,2009 Sheet 13 of 15

Patent Application Publication

P — e —— ——— — —— i —— T —— —— - ——— —— —— — — . v

- 1Nd1N0 YOSN3IS

- m
| |
| |
| |
“ : _
] N_ﬂmq%mws_,_s « m 193
| . — ONINOI L]
| €S TYNOIS | 1S WNDIS _,_m_<e,_8
| A4 | ONVANOO
| ~— =TT .
! SNIvdvddy ¥olow ymo1lg V8 m | B
N_M | | o oL T4V G3Lviag
| 61 DI
£g S |



US 2009/0309535 Al

Dec. 17,2009 Sheet 14 of 15

Patent Application Publication

L1N9Y¥19
NI iVLoy ~fe N |
"AG 2 " N
9YLI0A 43 _ . L
gz 10dIN0 |
H L =
¢
- I{ 1S WNDIS
26 £ 08 ONVAHOD g7
_ JA 14
‘ , | no3 .
© ¥3ITI0MINOD ¥olon  ASAAA | ONINOTLIGNOD 41V
| ‘ _, > |
. SILVVdV YOLON WO pgl ) 02
28~ 1dv a3iviay




Patent Application Publication  Dec. 17,2009 Sheet 15 of 15 US 2009/0309535 A1

FIG. 17A

RELATED ART

ON |—
ECU OUTPUT .|

OF F

FIG. 17B
'RELATED ART
LY e et ”

1 ELECTRIC
POTENT IAL

oV

FIG. 18A

RELATED ART
ON |

96

 ECU OUTPUT
‘ OFF

FIG. 18B

RELATED ART
| 5\/ . _——-—“————-;———————————.—;.___-

S1 ELECTRIC

POTENTIAL - L_____J_____'L;____J__"_'l;_____f";"‘

ov [Tt rm T




US 2009/0309535 Al

MOTOR CONTROL APPARATUS AND
MOTOR CONTROL METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and incorporates herein
by reference Japanese Patent Application No. 2008-158270
filed on Jun. 17, 2008 and Japanese Patent Application No.
2008-159256 filed on Jun. 18, 2008.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention:

[0003] The present invention relates to a motor control
apparatus and a motor control method.

[0004] 2. Description of Related Art

[0005] A motor control apparatus, which controls rotation
of an electric motor, is known (see, for example, Japanese
Unexamined Patent Publication No. 2006-320164A). In gen-
eral, in a case of a motor control apparatus (motor controller)
of an air conditioning system, as shown in FIG. 15, when a
drive command signal S1 for driving an electric motor 72 is
received from an air conditioning electronic control unit
(ECU) 70, the motor control apparatus drives the motor 72
according to the received drive signal S1. As shown in FIG.
16, the air conditioning ECU 70 includes an output device 74.
The output device 74 is a circuit that includes an NPN tran-
sistor 76. An emitter terminal of the transistor 76 is grounded,
and a collector terminal of the transistor 76 is connected to
one end of a command signal line 80 through a resistor 78. A
motor controller (a motor control apparatus) 84 of a blower
motor apparatus 82 is connected to the other end of the com-
mand signal line 80. In this way, as shown in FIG. 16, the air
conditioning ECU 70 and the motor controller 84 are electri-
cally interconnected.

[0006] Furthermore, a base terminal of the transistor 76 is
connected to a signal generating circuit (not shown), which
generates the command signal (ECU output) for driving the
motor 72 based on a manipulation signal received from a
manipulation switch at the air conditioning ECU 70. Thereby,
the base terminal of the transistor 76 receives the command
signal (ECU output), which is generated at the air condition-
ing ECU 70 based on the manipulation signal received from
the manipulation switch to drive the motor 72. When the low
level signal is supplied to the base terminal of the transistor
76, the electrical conduction between the collector terminal
and the emitter terminal of the transistor 76 is turned off
(placed in a non-conductive state). When the high level signal
is supplied to the base terminal of the transistor 76, the elec-
trical conduction between the collector terminal and the emit-
ter terminal of the transistor 76 is turned on (placed in a
conductive state).

[0007] In the motor controller 84, the other end of the
command signal line 80 is connected to a connection terminal
88 through a resistor 86. A pull-up resistor 90 has one end
connected to an electric power source (e.g., an electric power
source of 5 V) and the other end connected to the connection
terminal 88. Furthermore, a non-inverting input terminal of a
comparator 3 is connected to the connection terminal 88. A
voltage of a first predetermined value (first threshold value),
for example, of 2.5V is supplied to the inverting input termi-
nal of the comparator 3 as a comparative reference voltage.
An output terminal of the comparator 3 is connected to an
input terminal of a rotation control circuit 92. The comparator
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3 compares the first threshold value with an S1 electric poten-
tial (electric potential at the connection terminal 88). When
the S1 electric potential is equal to or larger than the first
threshold value, the high level signal is outputted from the
output terminal of the comparator 3. In contrast, when the S1
electric potential is smaller than the first threshold value, the
low level signal is outputted from the output terminal of the
comparator 3.

[0008] A duty ratio of the signal, which is outputted from
the output terminal of the comparator 3, is computed as a duty
ratio of the drive command signal S1 at the rotation control
circuit 92, and the computed duty ratio is used to control the
rotation of the motor 72.

[0009] Under an ideal circumstance where a disturbance,
such as external radio wave radiation (e.g., radio wave radia-
tion from a transceiver, which generates the radio wave), does
not exist, when the signal (ECU output) 94 shown in FIG. 17A
is supplied to the base terminal of the transistor 76, there is
provided the S1 electric potential (electric potential at the
connection terminal 88) shown in FIG. 17B. In such a case,
the first threshold value, which is used to compute the duty
ratio for controlling the rotation of the -motor 72, is experi-
mentally obtained and is preset based on the S1 electric poten-
tial. Thereby, for example, a period, during which the S1
electric potential is equal to or larger than the first threshold
value, may be set as an on-period. Also, a period, during
which the S1 electric potential is smaller than the first thresh-
old value, may be set as an off-period. In this way, it is
possible to compute the duty ratio for driving the motor 72
based on the S1 electric potential (i.e., the drive command
signal S1) and the first threshold value. In the exemplary case
of FIGS. 16 and 17B, the first threshold value 98 is set to, for
example, 2.5 V.

[0010] Furthermore, in the presence of the disturbance,
such as the external radio wave radiation, when the signal 96
of FIG. 18 A (the signal, which is the same as the signal 94) is
supplied to the base terminal of the transistor 76, the S1
electric potential may possibly entirely become below the
first threshold value 98, as shown in FIG. 18B. This incidence
is most likely caused by the following reason. That is, for
example, when the external radio wave is applied to at least
one of the command signal line 80 and the air conditioning
ECU 70, the electric voltage is applied between the base
terminal and the emitter terminal of the transistor 76 of the air
conditioning ECU 70. Thereby, even when the signal, which
is outputted to turn off the transistor 76, is supplied to the base
terminal of the transistor 76, the voltage between the base
terminal and the emitter terminal of the transistor 76 does not
become 0V, so that the transistor 76 is placed in the state
where the transistor 76 is not completely turned off, i.e., is
placed in a low on-state. In such a case, even when the first
threshold value 98 is used, it is not possible to accurately
compute the duty ratio for driving the motor 72 based on the
S1 electric potential. Specifically, in this state where the
inverting input terminal of the comparator 3 receives the first
threshold value 98 while the non-inverting input terminal of
the comparator 3 is connected to the connection terminal 88,
when the duty ratio is computed based on the S1 electric
potential by using the signal outputted from the output termi-
nal of the comparator 3, the computed duty ratio becomes 0%.
Therefore, the motor controller 84 controls the motor 72 such
that the motor 72 is not rotated. As discussed above, when the
disturbance, such as the external radio wave radiation, exists,
the appropriate motor control cannot be performed. In order
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to address the above disadvantage, for example, a harness
having a shield structure may be used for the command signal
line 80, or a ferrite bead may be added to improve a radio
wave resistance. However, these solutions pose a disadvan-
tage of cost increase.

[0011] Furthermore, the motor control apparatus recited in
Japanese Unexamined Patent Publication No. 2006-320164A
has a soft start function to execute soft start of the electric
motor. Also, an inspection apparatus is connectable to the
motor control apparatus to inspect the maximum output of the
motor. In the motor control apparatus, an external signal
determining means determines whether a received drive com-
mand signal is a normal operation motor drive command
signal or a motor inspection drive command signal. The nor-
mal operation motor drive command signal is for command-
ing a normal operation of the motor, and the motor inspection
drive command signal is for commanding the motor inspec-
tion operation. This determination process will be described
more specifically. The external signal determining means
computes a pulse interval, a pulse width, a duty ratio and a
frequency of the received signal. When the external signal
determining means determines that a frequency f1 (1/T2) and
a frequency 2 (1/TC) are alternately repeated in the received
signal, the external signal determining means determines that
the motor inspection command signal is received. The above
determination process is executed by a microcomputer in the
motor control apparatus recited in Japanese Unexamined
Patent Publication No. 2006-320164A.

[0012] However, for example, in the above determination
process that senses whether the signal has the frequency f1
and the frequency f2, which are alternately repeated, it
requires the relatively long time until the time of making the
determination of that the motor inspection command signal is
received. That is, due to the relatively long time required for
making the determination, the inspection time period is dis-
advantageously lengthened.

SUMMARY OF THE INVENTION

[0013] The present invention addresses the above disad-
vantages. Thus, it is an objective of the present invention to
provide a motor control apparatus and a motor control
method, which implements an improved motor control opera-
tion of an electric motor.

[0014] To achieve the objective of the present invention,
there is provided a motor control apparatus, which includes a
determining means, a control signal generating means and a
drive means. The determining means is for determining at
least one characteristic of a drive command signal. Which is
pulsed and specifies a target rotational speed of the electric
motor, by comparing a level of the drive command signal with
a plurality of threshold values. The control signal generating
means is for generating a control signal based on the at least
one characteristic of the drive command signal, which is
determined by the determining means. The drive means is for
driving the electric motor based on the control signal, which
is generated by the control signal generating means.

[0015] To achieve the objective of the present invention,
there is also provided a motor control method. According to
the motor control method, there is determined at least one
characteristic of a drive command signal, which is pulsed and
specifies a target rotational speed of an electric motor, by
comparing a level of the drive command signal with a plural-
ity of threshold values. Then, a control signal is generated
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based on the at least one characteristic of the drive command
signal. Thereafter, the electric motor is driven based on the
control signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention, together with additional objectives,
features and advantages thereof, will be best understood from
the following description, the appended claims and the
accompanying drawings in which:

[0017] FIG. 1 is a block diagram schematically showing a
structure of an air conditioning system according to a first
embodiment of the present invention;

[0018] FIG. 2 is a structural diagram showing a blower
motor apparatus according to the first embodiment;

[0019] FIG. 3 is circuit diagram schematically showing a
main feature of a motor control apparatus according to the
first embodiment;

[0020] FIGS. 4A and 4B are diagrams for describing a first
threshold value according to the first embodiment;

[0021] FIGS. 5A and 5B are diagrams for describing the
first threshold value and a second threshold value according
to the first embodiment;

[0022] FIGS. 6A to 6C are diagrams for describing a signal
supplied to a motor controller according to the first embodi-
ment;

[0023] FIG. 7 is aflowchart showing a motor control opera-
tion executed by a rotation control circuit of the motor con-
troller according to the first embodiment;

[0024] FIG. 8 is a diagram showing comparison between a
first duty ratio computed by using the first threshold value and
a second duty ratio computed by using the second threshold
value;

[0025] FIG. 9 is a descriptive diagram showing an inspec-
tion apparatus connected to a blower motor apparatus accord-
ing to a second embodiment of the present invention;

[0026] FIGS. 10A to 10D are diagrams for describing a
signal supplied to a motor controller according to the second
embodiment;

[0027] FIGS.11A and 11B are descriptive diagrams show-
ing a change in a control signal according to the second
embodiment;

[0028] FIGS. 12A and 12B are diagrams showing a change
in a rotational speed of a motor at start time according to the
second embodiment;

[0029] FIG. 13 is a flowchart showing a motor-control
operation executed by a rotation control circuit of the motor
controller according to the second embodiment;

[0030] FIG. 14 is a descriptive diagram showing a modifi-
cation of the second embodiment;

[0031] FIG. 15 is a descriptive diagram showing a previ-
ously proposed air conditioning system;

[0032] FIG. 16 is a circuit diagram showing the previously
proposed technique;

[0033] FIGS.17A and 17B are descriptive diagrams show-
ing the previously proposed technique; and

[0034] FIGS. 18A and 18B are descriptive diagrams show-
ing the previously proposed technique.

DETAILED DESCRIPTION OF THE INVENTION

[0035] A motor control apparatus according to a first
embodiment of the present invention will be described with
reference to FIGS. 1 to 8. The motor control apparatus of the
present embodiment is implemented in a blower motor appa-
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ratus of an air conditioning system of a vehicle. As shown in
FIG. 1, the air conditioning system 10 of the present embodi-
ment includes an air conditioning electronic control unit
(ECU) 12 and the blower motor apparatus 14. The air condi-
tioning ECU 12 and the blower motor apparatus 14 are oper-
ated upon receiving an electric power from an electric power
source 16 of, for example, 5V.

[0036] The air conditioning ECU 12 (air conditioning con-
trol device) provides a drive command signal (motor drive
command signal) S1 to the blower motor apparatus 14 based
on a manipulation signal received from a manipulation switch
(not shown), which is manipulated by a user. In the present
embodiment, the blower motor apparatus 14 is constructed to
perform its normal operation based on this drive command
signal S1. Furthermore, in the present embodiment, the drive
command signal S1 has a pulse generated at a corresponding
duty ratio, which corresponds to a target rotational speed,
thereby specifying the target rotational speed of an electric
motor 18. For example, the duty ratio is increased when the
target rotational speed is increased.

[0037] The blower motor apparatus 14 includes the motor
18 and a motor controller (motor control apparatus) 20. A fan
(not shown) is installed to an output shaft of the motor 18. The
motor controller 20 outputs a drive signal S3 to the motor 18.
[0038] When the motor controller 20 receives the drive
command signal S1 from the air conditioning ECU 12, the
motor controller 20 outputs the drive signal S3 to the motor 18
to drive the motor 18. That is, the motor controller 20 controls
the rotation of the motor 18.

[0039] The motor 18 of the present embodiment is a brush-
less motor and is controlled to rotate at the corresponding
rotational speed, which corresponds to the duty ratio, upon
receiving the rectangular wave voltage signal of the predeter-
mined duty ratio from the motor controller 20. In the present
embodiment, the motor 18 is the brushless motor having a
Hall sensor (not shown). However, the motor 18 of the present
invention is not limited to the brushless motor and may be
changed to any other appropriate type of motor. For example,
the motor 18 may be a brush motor having a commutator.
[0040] The motor 18 of the present embodiment includes a
stator (not shown) and a rotor (not shown). The stator has
windings of three phases. The rotor has rotor magnets. The
Hall sensor (not shown) is provided in the stator. As shown in
FIG. 2, the Hall sensor senses the rotation of the rotor and
outputs a corresponding sensor output, which corresponds to
the rotation of the rotor, to a drive circuit 22 of the motor
controller 20. In this way, the known feedback control of the
motor controller 20 is executed.

[0041] As shown in FIG. 2, the motor controller 20 of the
present embodiment includes a rotation control circuit 24 and
the drive circuit 22. The rotation control circuit 24 generates
and outputs a control signal (PWM signal) S2 of a corre-
sponding duty ratio, which is determined based on an input
signal (the drive command signal S1 in the present embodi-
ment) received from the outside. The drive circuit 22 supplies
the rectangular wave voltage signals (drive signals S3) of
different phases to the windings of the three phases, respec-
tively, of the motor 18 based on the control signal S2 and the
sensor output of the Hall sensor.

[0042] The rotation control circuit 24 of the present
embodiment includes one or more custom integrated circuits
(ICs) and outputs the control signal S2 to achieve the corre-
sponding motor rotational speed, which is a target value that
is set by the drive command signal S1.
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[0043] The drive circuit 22 of the present embodiment is of
a known construction and includes, for example, a predeter-
mined number (e.g., six) of resistors (not shown) and a pre-
determined number (e.g., six) of power elements (not shown)
arranged on a circuit board. The drive circuit 22 turns on and
off these power elements based on the control signal S2
received from the rotation control circuit 24 to connect the
electric power source 16 to the windings and thereby to gen-
erate the rotating magnetic field. That is, the drive circuit 22
controls the rotation of the motor 18 based on the control
signal S2. At this time, the feedback control is executed based
on the sensor output from the Hall sensor to appropriately
rotate the motor 18.

[0044] Now, the interface between the air conditioning
ECU 12 and the blower motor apparatus 14 will be described
in detail with reference to FIG. 3. The air conditioning ECU
12 has an output device 26. The output device 26 is a circuit
that includes an NPN transistor 28. An emitter terminal of the
transistor 28 is grounded, and a collector terminal of the
transistor 28 is connected to an end of a command signal line
32 through a resistor (e.g., a resistor of 100L2) 30. The motor
controller 20 of the blower motor apparatus 14 is connected to
the other end of the command signal line 32. In this way, as
shown in FIG. 3, the air conditioning ECU 12 and the motor
controller 20 are electrically interconnected.

[0045] Furthermore, a base terminal of the transistor 28 is
connected to a signal generating circuit (not shown), which
generates the command signal (ECU output) for driving the
motor 18 based on the manipulation signal received from the
manipulation switch at the air conditioning ECU 12. Thereby,
the base terminal of the transistor 28 receives the command
signal (ECU output), which is generated at the air condition-
ing ECU 12 based on the manipulation signal received from
the manipulation switch to drive the motor 18. Therefore,
when the low level signal is supplied to the base terminal of
the transistor 28, the electrical conduction between the col-
lector terminal and the emitter terminal of the transistor 28 is
turned off (placed on a non-conductive state). When the high
level signal is supplied to the base terminal of the transistor
28, the electrical conduction between the collector terminal
and the emitter terminal of the transistor 28 is turned on
(placed in a conductive state).

[0046] The motor controller 20 includes a filter circuit 38,
which is an integrated circuit and has a resistor (e.g., a resistor
0f'30Q2) 34 and a capacitor (e.g., a capacitor of 1000 pF) 36.
An input terminal of the filter circuit 38 is connected to the
other end of the command signal line 32. An output terminal
of'the filter circuit 38 is connected to a connection terminal 42
through a resistor (e.g., a resistor of 180 €2) 40. One end of a
pull-up resistor (e.g., aresistor of 2 kQ) 44 is connected to the
electric power source (e.g., the electric power source of 5V)
16, and the other end of the pull-up resistor 44 is connected to
the connection terminal 42. A non-inverting input terminal
(upper terminal in FIG. 3) of a comparator 2a and a non-
inverting input terminal (upper terminal in FIG. 3) of' a com-
parator 2b are connected to the connection terminal 42. An
inverting input terminal (lower terminal in FIG. 3) of the
comparator 2a receives a voltage of a first predetermined
value (first threshold value), for example, of 2.5 V, which
serves as a comparative reference voltage, to obtain the duty
ratio in the case of the normal level, i.e., undisturbed level of
the drive command signal S1 (undisturbed state where no
substantial disturbance exists). An inverting input terminal
(lower terminal in FIG. 3) of the comparator 25 receives a
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voltage of a second predetermined value (second threshold
value) of, for example, 0.5 V, which serves as a comparative
reference voltage, to obtain the duty ratio in the disturbed
state where the level of the drive command signal S1 is
reduced in comparison to that of the undisturbed level (undis-
turbed state). An output terminal of the comparator 2a is
connected to a corresponding input terminal of the rotation
control circuit 24. An output terminal of the comparator 25 is
connected to a corresponding input terminal of the rotation
control circuit 24. The comparator 2a compares the first
threshold value with an S1 electric potential (electric poten-
tial at the connection terminal 42). When the S1 electric
potential is equal to or larger than the first threshold value, the
high level signal is outputted from the output terminal of the
comparator 2a. In contrast, when the S1 electric potential is
smaller than the first threshold value, the low level signal is
outputted from the output terminal of the comparator 2a.
Similarly, the comparator 25 compares the second threshold
value with the S1 electric potential. When the S1 electric
potential is equal to or larger than the second threshold value,
the high level signal is outputted from the output terminal of
the comparator 25. In contrast, when the S1 electric potential
is smaller than the second threshold value, the low level signal
is outputted from the output terminal of the comparator 2.

[0047] Now, the first predetermined value (first threshold
value) and the second predetermined value (second threshold
value) will be described with reference to FIGS. 4A to 5B.
Under the ideal circumstance where the substantial distur-
bance, such as external radio wave radiation (e.g., radio wave
radiation from a transceiver, which generates the radio wave),
does not exist, when the signal (ECU output) 46 shown in
FIG. 4A is supplied to the base terminal of the transistor 28,
there is provided the S1 electric potential (electric potential at
the connection terminal 42) shown in FIG. 4B. The electric
potential, which corresponds to the ON state of the output of
the ECU, does not become 0 (zero) V, i.e., does not com-
pletely drop to O (zero) V even though the pull-up resistor 44
is connected to the connection terminal 42. Also, the electric
potential, which corresponds to the OFF state of the output of
the ECU, does not become 5V, i.e., does not completely rise
to 5 V. These are mainly due to the presence of the resistance
in the signal line. In such a case, based on the S1 electric
potential, i.e., the drive command signal S1, the threshold
value, based on which the duty ratio for driving the motor 18
is computable, is experimentally obtained and is preset as the
first predetermined value (first threshold value) 48. For
example, a period, during which the S1 electric potential is
equal to or larger than the threshold value, may be set as an
on-period. Also, a period, during which the S1 electric poten-
tial is smaller than the threshold value, may be set an off-
period. In this way, it is possible to compute the duty ratio for
driving the motor based on the S1 electric potential. In the
following discussion of the present embodiment, it is
assumed that the first threshold value is set to 2.5 V.

[0048] Furthermore, in the presence of the substantial dis-
turbance, such as the external radio wave radiation, when the
signal 50 of FIG. 5A (the signal, which is the same as the
signal 46) is supplied to the base terminal of the transistor 28,
the S1 electric potential may possibly entirely become below
the first threshold value 48, as shown in FIG. 5B. This inci-
dence is most likely caused by the following reason. That is,
for example, when the external radio wave is applied to at
least one of the command signal line 32 and the air condition-
ing ECU 12, the electric voltage is applied between the base
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terminal and the emitter terminal of the transistor 28 of the air
conditioning ECU 12. Thereby, even when the signal, which
is outputted to turn off the transistor 28, is supplied to the base
terminal of the transistor 28, the voltage between the base
terminal and the emitter terminal of the transistor 28 does not
become 0'V. Thus, the transistor 28 is placed in the state where
the transistor 28 is not completely turned off, i.e., is placed in
a low on-state in such a case, even when the first threshold
value 48 is used, it is not possible to accurately compute the
duty ratio for driving the motor 18 based on the S1 electric
potential. Specifically, in this state where the inverting input
terminal of the comparator 2a receives the first threshold
value 48 while the non-inverting input terminal of the com-
parator 2a is connected to the connection terminal 42, when
the duty ratio is computed based on the S1 electric potential
(i.e., the drive command signal S1) by using the signal out-
putted from the output terminal of the comparator 2a, the
computed duty ratio becomes 0%. Therefore, the motor con-
troller 20 controls the motor 18 such that the motor 18 is not
rotated (i.e., is stopped). In view of the above disadvantage,
according to the present embodiment, in the presence of the
disturbance, as shown in FIG. 5B, the second predetermined
value (second threshold value) 52 is previously obtained and
set to a smaller value, which is smaller than the first threshold
value and enables the computation of the duty ratio for driving
the motor 18, based on the S1 electric potential. In the fol-
lowing discussion of the present embodiment, it is assumed
that the second threshold value is set to 0.5 V.

[0049] In the case where the above-described disturbance
does not exist, when the command signal (the ECU output),
which is for driving the motor 18 and is generated based on
the manipulation signal received from the manipulation
switch at the air conditioning ECU 12, is supplied to the base
terminal of the transistor 28, the drive command signal (see
FIG. 6A) is supplied to the comparators 2a, 26 as the drive
command signal S1 from the air conditioning ECU 12. As
shown in FIG. 6 A, the drive command signal S1 is the signal,
in which the high level is larger than the first threshold value
48, and the low level is smaller than the second threshold
value 52. In the present embodiment, this drive command
signal S1 is used as the drive command signal for the undis-
turbed state where the substantial disturbance (e.g. the radio
wave radiation) does not exist.

[0050] Furthermore, in the disturbed state where the sub-
stantial disturbance exists, when the command signal (the
ECU output), which is for driving the motor 18 and is gener-
ated based on the manipulation signal received from the
manipulation switch at the air conditioning ECU 12, is sup-
plied to the base terminal of the transistor 28, the drive com-
mand signal of, for example, FIG. 6B is supplied to the
comparators 2a, 2b, as the drive command signal S1 from the
air conditioning ECU 12. As shown in FIG. 6B, the drive
command signal S1 is the signal, in which the high level is
smaller than the first threshold value 48 and is larger than the
second threshold value 52, and the low level is smaller than
the second threshold value 52. That is, this drive command
signal S1 is the drive command signal used in the disturbed
state where the level of the signal is reduced in comparison to
the undisturbed state.

[0051] Furthermore, according to the present embodiment,
in the case where the command signal (the ECU output) for
driving the motor 18 is not generated in the air conditioning
ECU 12 (i.e., in the case where the motor drive command
does not exist), the transistor 28 is turned on, and the one end
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of the pull-up resistor 44, which has the other end connected
to the electric power source 16, is connected to the connection
terminal 42. Thereby, for example, the signal S0 of FIG. 6C,
which indicates the absence of the motor drive command, is
supplied to the comparators 2a, 2b. In the present embodi-
ment, as shown in FIG. 6C, the signal S0 is smaller than the
second threshold value 52.

[0052] Inthe present embodiment, the drive command sig-
nal S1 and the signal SO are described as the rectangular wave
voltage signals. Alternatively, these signals S1, SO may be
rectangular wave current signals.

[0053] Upon receiving the pulse signals from the compara-
tors 2a, 25, the rotation control circuit 24 computes the duty
ratio of the pulse signal of the comparator 2a as the first duty
ratio of the drive command signal S1 and also computes the
duty ratio of the pulse signal of the comparator 2b as the
second duty ratio of the drive command signal S1.

[0054] Also, the rotation control circuit 24 sets the duty
ratio of the control signal S2 (the pulse signal) to the corre-
sponding duty ratio (the control duty ratio) in such a manner
that the rotational speed of the motor 18 coincides with the
target rotational speed, which is indicated by the first duty
ratio or the second duty ratio, and the rotation control circuit
24 outputs this duty ratio of the control signal S2 to the drive
circuit 22.

[0055] Next, the motor control operation, which is executed
by the rotation control circuit 24, will be described with
reference to FIG. 7. In the present embodiment, this motor
control operation is executed upon turning on of the electric
power supply switch (not shown) of the air conditioning
system 10 to supply the electric power to the blower motor
apparatus 14.

[0056] First, at step 100, the duty ratio of the pulse signal of
the comparator 2a is computed as the first duty ratio of the
drive command signal S1. Specifically, at step 100, the drive
command signal S1, which has the pulse of the duty ratio that
corresponds to the target rotational speed, is compared with
the first threshold value, which is used to obtain the duty ratio
in the undisturbed state where the level of the drive command
signal S1 is normal, so that the first duty ratio of the drive
command signal S1 is computed.

[0057] Then, at step 102, upon receiving the pulse signal of
the comparator 25, the duty ratio of the pulse signal of the
comparator 26 is computed as the second duty ratio of the
drive command signal S1. Specifically, at step 102, the drive
command signal S1, which has the pulse of the duty ratio that
corresponds to the target rotational speed, is compared with
the second threshold value, which is used to obtain the duty
ratio in the disturbed state where the level of the drive com-
mand signal S1 is reduced, so that the second duty ratio of the
drive command signal S1 is computed.

[0058] Thereafter, at step 104, it is determined whether the
first duty ratio, which is computed at step 100, is larger than
0%.

[0059] When it is determined that the first duty ratio is
larger than 0% at step 104, the operation proceeds to step 106.
[0060] Inthe case where the operation proceeds to step 106,
it has been determined that the first duty ratio is larger than 0%
atstep 104. Therefore, it is assumed that the current state is the
state shown in FIG. 6A. That is, the current state is the state,
in which the drive command signal S1 shown in FIG. 6A is
supplied from the air conditioning ECU 12 to the comparators
2a, 2b as the drive command signal S1.
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[0061] Then, at step 106, the duty ratio of the control signal
S2 is set to a corresponding control duty ratio in such a
manner that the rotational speed of the motor 18 coincides
with the target rotational speed indicated by the first duty
ratio, so that the control signal S2 is generated. Then, the
generated control signal S2 is outputted to the drive circuit 22.
Thereby, the corresponding drive signal S3 is outputted from
the drive circuit 22 to the motor 18, so that the rotation of the
motor 18 is controlled by the drive circuit 22. Then, the
operation returns to step 100.

[0062] In contrast, when it is determined that the first duty
ratio is 0% at step 104, the operation proceeds to step 108.
[0063] At step 108, it is determined whether the second
duty ratio is greater than 0% and is smaller than 100%.
[0064] When it is determined that the second duty ratio is
larger than 0% and is smaller than 100% at step 108, the
operation proceeds to step 110. In the case where the opera-
tion proceeds to step 110, it has been determined that the first
duty ratio is larger than 0% at step 104, and it has been
determined that the second duty ratio is larger than 0% and is
smaller than 100% at step 108. Therefore, it is assumed that
the current state is the state shown in FIG. 6B. That is, the
current state is the state, in which the drive command signal
S1 shown in, for example, FIG. 6B is supplied from the air
conditioning ECU 12 to the comparators 2a, 2b as the drive
command signal S1.

[0065] At step 110, the duty ratio of the control signal S2 is
set to the corresponding control duty ratio in such a manner
that the rotational speed of the motor 18 coincides with the
target rotational speed indicated by the second duty ratio, so
that the control signal S2 is generated. Then, the generated
control signal S2 is outputted to the drive circuit 22. Thereby,
the corresponding drive signal S3 is outputted from the drive
circuit 22 to the motor 18, so that the rotation of the motor 18
is controlled by the drive circuit 22. Then, the operation
returns to step 100.

[0066] When it is determined that the second duty ratio is
0% or 100% at step 108, the operation proceeds to step 112.
In the case where the operation proceeds to step 112, it is
assumed that the current state is the state shown in FIG. 6C.
That is, the current state is the state, in which the signal S0
shown in, for example, FIG. 6C is supplied from the air
conditioning ECU 12 to the comparators 2a, 25 as the signal
S0.

[0067] At step 112, the duty ratio of the control signal S2 is
set to 0%, and then this control signal is outputted to the drive
circuit 22. In this way, the motor 18 is controlled to prevent
the rotation of the motor 18 (the rotation of the motor 18 being
stopped in the case where the motor is rotated). Then, the
operation returns to step 100.

[0068] The motor control operation of the present embodi-
ment has been described. When the level of the drive com-
mand signal S1 is reduced, the threshold value is changed
from the first threshold value to the second threshold value,
and the duty ratio is computed by using the second threshold
value. Therefore, as shown in FIG. 8, the duty ratio, which is
computed by using the first threshold value, may possibly
differ from the duty ratio, which is computed by using the
second threshold value in some situations. Thus, it is desir-
able that the comparator. 26 is operated only at the time of
emergency, in which the disturbance exists. Alternatively, a
relationship between the duty ratio, which is computed by
using the second threshold value, and the duty ratio, which is
computed by using the first threshold value that corresponds
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to the duty ratio computed by using the second threshold
value, may be pre-stored in a storage means (e.g., a memory)
for multiple numbers. Then, the stored relationship may be
retrieved from the storage means to correct the duty ratio,
which is computed by using the second threshold value, into
the duty ratio, which is computed by using the corresponding
first threshold value.

[0069] The first embodiment of the present invention has
been described in detail. According to the first embodiment of
the present invention, in the presence of the disturbance, such
as the external radio wave radiation, when the level of the
drive command signal S1 is reduced, the duty ratio of the
drive command signal S1 is computed by using the second
threshold value, which is set to obtain the duty ratio of the
drive command signal S1 that has the reduced level. There-
fore, the motor can be appropriately controlled without the
need for using the harness having the shield structure or
adding the ferrite bead for improving the resistance against
the radio wave. Therefore, according to the embodiment of
the present invention, the motor can be appropriately con-
trolled at the low costs in the presence of the disturbance, such
as the external radio wave radiation.

[0070] The present invention is not limited to the above
embodiment, and the above embodiment may be modified in
various ways within the scope of the present invention. For
example, at step 110 of the above embodiment, the control
signal, which has the pulse at the motor control duty ratio that
corresponds to the second duty ratio, is generated. However,
the present invention is not limited to this. For example, at
step 110, a predetermined number of pulses, each of which
has the motor control duty ratio that corresponds to the second
duty ratio, may be generated such that the rotating time period
of the motor 18, which is controlled by the drive circuit 22,
becomes a predetermined time period (e.g., 15 seconds).
Here, the number of pulses is set to rotate the motor 18 for the
predetermined time period at the corresponding rotational
speed, which corresponds to the second duty ratio. Then, after
the generation of the predetermined number of pulses at the
motor control duty ratio that corresponds to the second duty
ratio, the control signal S2 having the pulse at the duty ratio
(e.g., 0%) for stopping the rotation of the motor 18 may be
generated. In this way, in the presence of the disturbance, such
as the external radio wave radiation, the motor 18 is con-
trolled to rotate until the lapse of the predetermined time
period and then to stop the rotation of the motor 18.

[0071] Furthermore, it is possible to provide multiple
threshold values, each of which is set to obtain the corre-
sponding duty ratio in the disturbed state where the level of
the drive command signal S1 is reduced from the undisturbed
state. Specifically, in the above embodiment, the single
threshold value (i.e., the second threshold value) is provided
to obtain the duty ratio in the disturbed state where the level of
the drive command signal S1 is reduced, and the single com-
parator 24 is used to obtain the duty ratio in the disturbed state
where the level of the drive command signal S1 is reduced.
Alternatively, the motor control apparatus may be provided
with a plurality of comparators, which are connected to the
rotation control circuit 24, and non-inverting input terminals
of these comparators may be connected to the connection
terminal 42, and the inverting terminals of these comparators
may be supplied with the multiple threshold values, respec-
tively. Then, at step 102, the drive command signal S1 is
compared with the multiple threshold values, each of which is
provided to obtain the corresponding duty ratio in the dis-
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turbed state where the level of the drive command signal S1 is
reduced. In this way, multiple duty ratios, which respectively
correspond to the multiple threshold values, are computed for
the drive command signal S1. In such a case, at step 108, it is
determined whether one or more of the computed duty ratios
of the drive command signal S, which are computed at step
102, is larger than 0% and is smaller than 100%. When YES
is returned at step 108, the operation proceeds to step 110. In
contrast, when NO is returned at step 108, the operation
proceeds to step 112. At step 110, the drive command signal
S1 is compared with each corresponding threshold value that
is used to compute the one or more of the duty ratios, which
is determined to be larger than 0% and is smaller than 100%
at step 108, and thereby there is generated the control signal
that has the pulse with the corresponding duty ratio, which is
determined to be larger than 0% and is smaller than 100% at
step 108. That is, in the case where the high level of the drive
command signal S1 is smaller than the first threshold value
and is larger than any one of the multiple threshold values
while the low level of the drive command signal S1 is smaller
than this one of the multiple threshold values, the drive com-
mand signal S1 is compared with this one of the multiple
threshold values to generate the control signal having the
pulse at the corresponding motor control duty ratio, which
corresponds to the duty ratio that is computed at step 102 and
is determined to be larger than 0% and smaller than 100% at
step 108. Thereby, in the presence of the disturbance, such as
the external radio wave radiation, when the level of the drive
command signal S1 is reduced, the duty ratio of the drive
command signal S1 is computed by using the one of the
multiple threshold values, which can be used to compute the
duty ratio larger than 0%. Therefore, the motor can be appro-
priately controlled without the need for using the harness
having the shield structure or adding the ferrite bead for
improving the resistance against the radio wave. Therefore,
the motor can be appropriately controlled at the low costs in
the presence of the disturbance, such as the external radio
wave radiation.

[0072] Evenin this case, similar to the above described one,
at step 110, a predetermined number of pulses, each of which
has the motor control duty ratio that corresponds to the duty
ratio that is computed at step 102 and is determined to be
larger than 0% and smaller than 100% at step 108, may be
generated such that the rotating time period of the motor 18,
which is controlled by the drive circuit 22, becomes the pre-
determined time period (e.g., 15 seconds). Then, after the
generation of the predetermined number of pulses with the
motor control duty ratio that corresponds to the duty ratio that
is computed at step 102 and is determined to be larger than 0%
and smaller than 100% at step 108, the control signal S2
having the pulse with the duty ratio (e.g., 0%) for stopping the
rotation of the motor 18 may be generated.

[0073] In the first embodiment, steps 100, 102, 104, 108
serve as a determining means. Furthermore, step 100 serves
as a first duty ratio computing means, which is a part of the
determining means, and step 102 serves as a second duty ratio
computing means, which is another part of the determining
means. In addition, steps 106, 110, 112 serve as a control
signal generating means, and the drive circuit 22 serves as a
drive means.

Second Embodiment

[0074] Now, a second embodiment of the present invention
will be described with reference to FIGS. 9 to 13 in addition
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to FIGS. 1 to 3. In the second embodiment, components,
which are similar to those of the first embodiment will be
indicated by the same reference numerals and will not be
described redundantly for the sake of simplicity. Further-
more, it should be noted that the structure of the air condi-
tioning system 10 of the present embodiment is substantially
the same as that of the first embodiment except the motor
controller 20. Specifically, in the second embodiment, the
motor controller 20 is adapted to execute a slow start opera-
tion and a motor inspection operation in addition to the opera-
tion discussed in the first embodiment. Therefore, in the fol-
lowing discussion, the slow start operation and the motor
inspection operation will be mainly discussed.

[0075] The motor controller 20 executes the soft start
operation of the motor 18 in the normal operation and also
executes the inspection operation upon connection of an
inspection apparatus 53 shown in FIG. 9 to the blower motor
apparatus 14. The air conditioning ECU 12 provides the drive
command signal (motor drive command signal) S1 of the
normal operation command to the blower motor apparatus 14
based on the manipulation signal received from the manipu-
lation switch (not shown), which is manipulated by a user. In
the present embodiment, the blower motor apparatus 14 is
constructed to perform its normal operation based on this
drive command signal S1 like in the first embodiment.

[0076] Now, the soft start operation will be briefly dis-
cussed. With reference to FIGS. 1 to 3, when the motor
controller 20 receives the drive command signal S1 (or an
inspection drive command signal Sc described below) from
the air conditioning ECU 12, the motor controller 20 outputs
the drive signal S3 to the motor 18 to rotate the motor 18. In
the case where the soft start operation is executed at the time
of starting the rotation of the motor 18, the motor controller
20 controls the rotational speed of the motor 18 in such a
manner that the motor rotational speed is increased from zero
(stop state) to the corresponding motor rotational speed that
corresponds to, i.e., is specified by the motor drive command
signal S1.

[0077] The rotation control circuit 24 of the present
embodiment includes one or more custom integrated circuits
(ICs). In the case where the soft start control operation is
executed, the rotation control circuit 24 outputs the control
signal (PWM signal) S2 to the drive circuit 22 as follows. That
is, the rotation control circuit 24 gradually increases the duty
ratio of the control signal S2 from a predetermined value (e.g.,
0% or close to 0%) and accomplishes the corresponding
motor rotational speed, which is the target value set by the
drive command signal S1.

[0078] In the undisturbed state where the substantial dis-
turbance, which is discussed in detail in the first embodiment,
does not exist, when the command signal (the ECU output),
which is for driving the motor 18 and is generated based on
the manipulation signal received from the manipulation
switch at the air conditioning ECU 12, is supplied to the base
terminal of the transistor 28 (i.e., at the time of the normal
operation), the drive command signal of the normal operation
command (see FIG. 10A) is supplied to the comparators 2a,
25 as the drive command signal S1 from the air conditioning
ECU 12. As shown in FIG. 10A, the normal operation drive
command signal S1 is the signal, in which the high level is
larger than the first threshold value 48, and the low level is
smaller than the second threshold value 52. That is, the nor-
mal operation drive command signal S1 is the signal that is set
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such that the high level is larger than the first threshold value
48 while the low level is smaller than the second threshold
value 52.

[0079] Furthermore, in the disturbed state where the above-
described disturbance exists, when the command signal (the
ECU output), which is for driving the motor 18 and is gener-
ated based on the manipulation signal received from the
manipulation switch at the air conditioning ECU 12, is sup-
plied to the base terminal of the transistor 28, the normal
operation drive command signal (see FIG. 10B) is supplied to
the comparators 24, 25 as the drive command signal S1 from
the air conditioning ECU 12. As shown in FIG. 10B, under the
presence of the disturbance, the normal operation drive com-
mand signal is the signal, in which the high level is smaller
than the first threshold value 48 and is larger than the second
threshold value 52, and the low level is smaller than the
second threshold value 52.

[0080] Furthermore, as shown in FIG. 9, at the time of
manufacturing the blower motor apparatus 14, the inspection
apparatus 53 is connected to an input terminal of the filter
circuit 38 and outputs the inspection drive command signal Sc
to the motor controller 20 to execute the maximum output
inspection of the motor 18. This drive command signal Sc of
the inspection drive command is the preset signal. For
example, the drive command signal Sc is preset such that the
high level of the drive command signal Sc is larger than the
first threshold value 48, and the low level of the drive com-
mand signal Sc is smaller than the first threshold value 48 and
is larger than the second threshold value 52. In the case where
no disturbance exists, when the drive command signal Sc is
supplied to the motor controller 20 (i.e., at the time of inspec-
tion), the inspection drive command signal Sc (see FIG. 10C)
is supplied from the inspection apparatus 53 to the compara-
tors 2a, 2b. That is, the drive command signal Sc of the
inspection drive command is the signal that is set such that the
high level of the inspection drive command signal Sc is larger
than the first threshold value 48, and the low level of the
inspection drive command signal Sc is smaller than the first
threshold value 48 and is larger than the second threshold
value 52.

[0081] Furthermore, according to the present embodiment,
in the case where the command signal (the ECU output) for
driving the motor 18 is not generated in the air conditioning
ECU 12 (i.e., in the case where the motor drive command
does not exist), the transistor 28 is turned on, and the one end
of the pull-up resistor 44, which has the other end connected
to the electric power source 16, is connected to the connection
terminal 42. Thereby, for example, the signal S0 of FIG. 10D,
which indicates the absence of the motor drive command, is
supplied to the comparators 2a, 2b. In the present embodi-
ment, as shown in FIG. 10D, the signal S0 is smaller than the
second threshold value 52.

[0082] Inthe present embodiment, the drive command sig-
nal S1, the drive command signal Sc and the signal SO are
described as the rectangular wave voltage signals. Alterna-
tively, the drive command signal S1, the drive command
signal Sc and the signal S0 may be rectangular wave current
signals.

[0083] The rotation control circuit 24 receives the pulse
signals from the comparators 2a, 26 and computes the infor-
mation (characteristics) about the pulse signals, such as the
duty ratio of the pulse signal from the comparator 2a and the
duty ratio of the pulse signal from the comparator 24.
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[0084] Furthermore, as described in detail below, the rota-
tion control circuit 24 compares the respective drive com-
mand signals S1, Sc with each corresponding predetermined
threshold value (the first threshold value 48 and the second
threshold value 52 in the present embodiment) to determine
whether the drive command signal S1, SC is of the inspection
drive command or of the normal operation drive command.
Then, when the rotation control circuit 24 determines that the
drive command signal is of the normal operation drive com-
mand, the rotation control circuit 24 determines that the
requested mode is the normal operation mode. Therefore, as
shown in FIG. 11A, the rotation control circuit 24 gradually
increases the duty ratio of the control signal S2, which is the
pulse signal, from the predetermined value (e.g., 0% or
around 0%) to the duty ratio of the normal operation (normal
operation duty ratio), which causes the rotation of the motor
18 at the target rotational speed indicated by the computed
duty ratio of the pulse signal received from the comparator 2a.
Once the normal operation duty ratio is reached, the rotation
control circuit 24 maintains the normal duty ratio and thereby
generates the control signal S2 as the normal operation con-
trol signal. The rotation control circuit 24 outputs this control
signal S2 to the drive circuit 22. As described above, at the
start time of the motor 18 in the normal operational mode, the
duty ratio of the control signal S2 is gradually increased from
the predetermined value (e.g., 0% or around 0%) to the nor-
mal duty ratio, which implements the motor rotational speed
according to the duty ratio of the drive command signal S1. In
the exemplary case of FIG. 11A, the control signal S2 is
outputted at pulse intervals T2. At the beginning of the signal
output, there is provided the pulse width T1,. This pulse width
T1, is then gradually increased to the pulse width T1, and is
finally increased to the pulse width T1,, which is the target
value. In this way, the energization time period for supplying
the electric power to the windings of the motor 18 per unit
time is gradually increased by the drive signal S3 supplied
from the drive circuit 22, and the rotational speed of the motor
18 is increased from zero (the stop state) to the target rota-
tional speed at the time Ta, as shown in FIG. 12A.

[0085] In contrast, when the rotation control circuit 24
determines that the drive command signal is of the inspection
drive command, the rotation control circuit 24 determines
that the requested mode is the inspection mode. Therefore, as
shown in FIG. 11B, the rotation control circuit 24 sets the
duty ratio of the control signal S2, which is the pulse signal,
to the duty ratio of the inspection operation (inspection duty
ratio), which causes the rotation of the motor 18 at the target
rotational speed indicated by the duty ratio of the pulse signal
received from the comparator 2a. Thus, the rotation control
circuit 24 generates the control signal S2 as the inspection
control signal and outputs this control signal S2 to the drive
circuit 22. That is, as shown in FIG. 11B, in the inspection
mode, the control signal S2 having the pulse width T1, which
is the target value, is outputted at the pulse intervals T2 from
the begging of the signal output. Here, the pulse width T1
shown in FIG. 11B is the value that implements the duty ratio,
which corresponds to the maximum output inspection. As
shown in FIG. 12B, in the inspection mode, the rotational
speed of the motor 18 can be increased to the motor rotational
speed A within a shorter time period Tac, which is shorter than
the time period Ta. As discussed above, in the second embodi-
ment, at the time of inspection, the rotational speed of the
motor 18 is quickly increased from the stop state to the pre-
determined motor rotational speed without executing the soft
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start to shorten the inspection time period. In other words, in
the soft start operation (FIG. 12A), the rotational speed of the
motor 18 is increased at the rate, which is smaller than that of
the inspection operation (FIG. 12B).

[0086] Next, the motor control operation, which is executed
by the rotation control circuit 24, will be described with
reference to FIG. 13. In the present embodiment, this motor
control operation is executed upon turning on of the electric
power supply switch (not shown) of the air conditioning
system 10 to supply the electric power to the blower motor
apparatus 14.

[0087] First, at step 200, upon receiving the pulse signal
from the comparator 2a, the duty ratio (first duty ratio) Da of
the pulse signal of the comparator 2a is computed.

[0088] Then, at step 202, upon receiving the pulse signal of
the comparator 25, the duty ratio (second duty ratio) Db of the
pulse signal of the comparator 25 is computed.

[0089] Thereafter, at step 204, it is determined whether the
duty ratio Da computed at step 200 is larger than 0% and is
smaller than 100% (i.e., determining whether the duty ratio,
Da is not one of 0% and 100%).

[0090] When itis determined that the duty ratio Da is larger
than 0% and is smaller than 100%, the operation proceeds to
step 206.

[0091] Thereafter, at step 206, it is determined whether the
duty ratio Db, which is computed at step 202, is smaller than
100%.

[0092] When it is determined that the duty ratio Db is
smaller than 100% at step 206, the operation proceeds to step
208. In the case where the operation proceeds to step 208, it
has been determined that the duty ratio Da is larger than 0%
and is smaller than 100% at step 204, and it has been deter-
mined that the duty ratio Db is smaller than 100% at step 206.
Therefore, it is assumed that the current state is the state
shown in FIG. 1A. That is, it is the case where the drive
command signal of the normal operation command shown in,
for example, FIG. 10A is supplied as the drive command
signal S1 from the air conditioning ECU 12 to the compara-
tors 2a, 2b.

[0093] Atstep 208, as shown in FIG. 11A, the duty ratio of
the control signal S2, which is the pulse signal, is gradually
increased from the predetermined value (e.g., 0% or around
0%) to the duty ratio of the normal operation. (normal opera-
tion duty ratio), which causes the rotation of the motor 18 at
the target rotational speed indicated by the duty ratio (the
normal duty ratio) computed at step 200. Once the normal
duty ratio is reached, this duty ratio is maintained and thereby
the control signal S2 is generated as the normal operation
control signal. The generated control signal S2 is outputted to
the drive circuit 22. In this way, the energization time period
for supplying the electric power to the windings of the motor
18 per unit time is gradually increased by the drive signal S3
supplied from the drive circuit 22, and the rotational speed of
the motor 18 is increased from zero (the stop state) to the
target rotational speed at the time Ta, as shown in FIG. 12A.
That is, the drive circuit 22 controls the rotational speed of the
motor 18 based on the generated control signal S2. Then, the
operation returns to step 200.

[0094] In contrast, when it is determined that the duty ratio
Db is 100% at step 206, the operation proceeds to step 210. In
the case where the operation proceeds to step 210, it has been
determined that the duty ratio Da is larger than 0% and is
smaller than 100% at step 204, and it has been determined that
the duty ratio Db is 100% at step 206. Therefore, it is assumed
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that the current state is the state shown in FIG. 10C. That is, it
is the case where the drive command signal Sc of the inspec-
tion command shown in, for example, FIG. 10C is supplied as
the drive command signal Sc from the air conditioning ECU
12 to the comparators 2a, 2b.

[0095] At step 210, as shown in FIG. 11B, the duty ratio of
the control signal S2, which is the pulse signal, is set to the
corresponding inspection duty ratio to rotate the motor 18 at
the target rotational speed, which is indicated by the duty ratio
Da computed at step 200. Thereby, the control signal S2 of the
inspection control signal is generated, and this control signal
S2 is outputted to the drive circuit 22. That is, as shown in
FIG. 11B, in the inspection mode, the control signal S2 hav-
ing the pulse width T1, which is the target value, is outputted
atthe pulse intervals T2 from the begging of the signal output.
Here, the drive circuit 22 controls the rotational speed of the
motor 18 based on the generated control signal S2. Further-
more, the pulse width T1 shown in FIG. 11B is the value that
implements the duty ratio, which corresponds to the maxi-
mum output characteristic inspection. As shown in FIG. 12B,
in the inspection mode, the rotational speed of the motor 18
can be increased to the motor rotational speed A within the
shorter time period Tac, which is shorter than the time period
Ta. As discussed above, in the present embodiment, at the
time of inspection, the rotational speed of the motor 18 is
quickly increased from the stop state to the predetermined
motor rotational speed without executing the soft start to
shorten the inspection time period. Then, the operation
returns to step 200.

[0096] Thatis, at steps 204, 206, the drive command signal
S1 is compared with the corresponding predetermined value
(the first threshold value and the second threshold value in the
present embodiment), and it is determined whether the drive
command signal is of the inspection drive command or of the
normal operation drive command. Here, when it is deter-
mined that the drive command signal is of the inspection drive
command, the operation proceeds to step 210. In contrast,
when it is determined that the drive command signal is of the
normal operation drive command, the operation proceeds to
step 208.

[0097] The above determination process is less expensive
in comparison to the case of the microcomputer and can be
implemented without increasing the chip size even in the case
of the custom integrated circuit (IC), which may result in the
increase in the chip size at the time of accomplishing the
determination method recited in Japanese Unexamined
Patent Publication No. 2006-320164A. Thus, in comparison
to the case where the microcomputer, which is provided with
the previously proposed determination function, it is possible
to reduce the costs without increasing the chip size in the case
where the custom IC is used in the motor controller 20.
[0098] When itis determined that the duty ratio Da is 0% or
100% at step 204, the operation proceeds to step 212.
[0099] At step 212, it is determined whether the duty ratio
Db, which is computed at step 202, is larger than 0%.
[0100] When itis determined that the duty ratio Db is larger
than 0% at step 212, the operation proceeds to step 214. In the
case where the operation proceeds to step 214, it has been
determined that the duty ratio Da is 0% or 100% at step 204,
and it has been determined that the duty ratio Db is larger than
0% at step 212. Therefore, it is assumed that the current state
is the state shown in FIG. 10B. That is, it is the case where the
drive command signal S1 of the normal operation shown in,
for example, FIG. 10B is supplied as the drive command
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signal S1 from the air conditioning ECU 12 to the compara-
tors 2a, 2b in the state where the above-described disturbance
exists.

[0101] Atstep 214, as shown in FIG. 11A, the duty ratio of
the control signal S2, which is the pulse signal, is gradually
increased from the predetermined value (e.g., 0% or around
0%) to the duty ratio of the normal operation (normal opera-
tion duty ratio), which causes the rotation of the motor 18 at
the target rotational speed indicated by the duty ratio Db of
the pulse signal of the comparator 26 computed at step 202.
Once the duty ratio is reached, this duty ratio is maintained
and thereby the control signal S2 is generated as the normal
operation control signal. The generated control signal S2 is
outputted to the drive circuit 22. In this way, the energization
time period for supplying the electric power to the windings
of the motor 18 per unit time is gradually increased by the
drive signal S3 supplied from the drive circuit 22, and the
rotational speed of the motor 18 is increased from zero (the
stop state) to the target rotational speed at the time Ta, as
shown in FIG. 12A. Then, the operation returns to step 200.
[0102] When itis determined that the duty ratio Db is 0% at
step 212, the operation proceeds to step 216. In the case where
the operation proceeds to step 216, it is assumed that the
current state is the state shown in FIG. 10D. That is, the
current state is the state, in which the signal S0 shown in, for
example, FIG. 10D is supplied from the air conditioning ECU
12 to the comparators 2a, 2b as the signal S0.

[0103] Atstep 216, the duty ratio of the control signal S2 is
set to 0%, and then this control signal is outputted to the drive
circuit 22. In this way, the motor 18 is not started (the rotation
of'the motor 18 being stopped in the case where the motor is
rotated). Then, the operation returns to step 200.

[0104] The second embodiment of the present invention
has been described in detail. The present invention is not
limited to the above embodiment, and the above embodiment
may be modified in various ways within the scope of the
present invention. For example, in the second embodiment,
the degree of the low level differs between the drive command
signal of the inspection drive command and the drive com-
mand signal of the normal operation command. Alternatively,
at least one of the high level and the low level of the drive
command signal may differ between the inspection drive
command and the normal operation drive command.

[0105] Furthermore, the drive command signal Sc, which is
outputted from inspection apparatus 53, may be generated by
executing a program, which generates the drive command
signal Sc of the inspection drive command, in which the high
level is larger than the first threshold value, and the low level
is smaller than the first threshold value and is larger than the
second threshold value. Alternatively, as shown in FIG. 14,
the emitter of the transistor 62, which is provided in the output
device 60 that outputs the drive command signal Sc of the
inspection apparatus 53, may be grounded through one or
more diodes 64 to generate the drive command signal Sc of
the inspection drive command, in which the low level is larger
than the second threshold value.

[0106] Furthermore, in the second embodiment, the drive
command signal is compared with each corresponding
threshold value once to determine whether the drive com-
mand signal is of the inspection drive command or of the
normal drive command. Alternatively, the drive command
signal may be compared with each corresponding threshold
value for a predetermined number of times (e.g., 10 times) to
determine whether the drive command signal is of the inspec-
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tion drive command or of the normal operation drive com-
mand for the predetermined number of times. Then, only
when a ratio of the number of time(s), in each of which the
drive command signal is determined as the drive command
signal of the inspection drive command, relative to the pre-
determined number of times (the total number of times) is
equal to or larger than a predetermined value (e.g., 0.5), it may
be determined that the drive command signal is of the inspec-
tion drive command. In this way, when the predetermined
number of times is set to an appropriate value, at which the
determination accuracy and the required determination pro-
cess time are balanced, it is possible to reduce the required
determination process time, and the determination accuracy
becomes appropriate.

[0107] Furthermore, in order to limit the occurrence of the
erroneous determination of whether the drive command sig-
nal is of the inspection drive command or of the normal
operation command due to, for example, the external noise, it
is possible to change the frequency between the inspection
drive command signal and the normal operation drive com-
mand signal. Also, it is possible to execute a weighted average
process to limit data skipping in the respective duty ratios
computed based on the signal from the comparators 2a, 25.
Also, it is possible to execute a data coincidence determina-
tion process to cancel the chattering noises at the time of the
pulse shaping. Furthermore, it is possible to provide a filter
(e.g., capacitor) and the hysteresis characteristic to the input
of'the comparators 2a, 25 in order to eliminate the influences
of the chattering. Also, any two or more of the above pro-
cesses may be combined in an appropriate manner.

[0108] Inthesecond embodiment, steps 200, 202,204, 206,
212 serve as a determining means. Furthermore, step 200
serves as a first duty ratio computing means, which is a part of
the determining means, and step 202 serves as a second duty
ratio computing means, which is another part of the determin-
ing means. In addition, steps 208, 210, 214 serve as a control
signal generating means.

[0109] Additional advantages and modifications will
readily occur to those skilled in the art. The invention in its
broader terms is therefore not limited to the specific details,
representative apparatus, and illustrative examples shown
and described.

What is claimed is:

1. A motor control apparatus for an electric motor, com-

prising:

a determining means for determining at least one charac-
teristic of a drive command signal, which is pulsed and
specifies a target rotational speed of the electric motor,
by comparing a level of the drive command signal with
a plurality of threshold values;

a control signal generating means for generating a control
signal based on the at least one characteristic of the drive
command signal, which is determined by the determin-
ing means; and

a drive means for driving the electric motor based on the
control signal, which is generated by the control signal
generating means.

2. The motor control apparatus according to claim 1,

wherein:

the determining means includes:

a first duty ratio computing means for computing a first
duty ratio of the drive command signal as the at least
one characteristic of the drive command signal by
comparing the level of the drive command signal with
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a first threshold value, which is one of the plurality of
threshold values and is preset for an undisturbed state
where the level of the drive command signal is nor-
mal; and

a second duty ratio computing means for computing a
second duty ratio of the drive command signal as the
atleast one characteristic of the drive command signal
by comparing the level of the drive command signal
with a second threshold value, which is another one of
the plurality of threshold values set to be smaller than
the first threshold value and is for a disturbed state
where the level of the drive command signal is
reduced from that of the undisturbed state; and

the control signal generating means generates the control

signal, which has a pulse at a motor control duty ratio
that corresponds to one of the first duty ratio and the
second duty ratio, wherein the control signal generating
means generates the control signal at the first duty ratio
when a high level of the drive command signal is larger
than the first threshold value, and the control signal
generating means generates the control signal at the
second duty ratio when the high level of the drive com-
mand signal is smaller than the first threshold value and
is larger than the second threshold value while a low
level of the drive command signal is smaller than the
second threshold value.

3. The motor control apparatus according to claim 2,
wherein the control signal generating means generates a pre-
determined number of pulses at the motor control duty ratio,
which corresponds to the second duty ratio, to rotate the
electric motor through the drive means for a predetermined
time period, and thereafter generates the control signal at a
duty ratio, which stops the rotation of the electric motor upon
satisfaction of the following conditions:

the high level of the drive command signal is smaller than

the first threshold value and is larger than the second
threshold value; and

the low level of the drive command signal is smaller than

the second threshold value.

4. The motor control apparatus according to claim 2,
wherein:

the drive command signal is supplied from an external air

conditioning electronic control unit to the motor control
apparatus though a signal line; and

the second threshold value is set to obtain the duty ratio of

the drive command signal in the disturbed state where
the level of the drive command signal is reduced from
that of the undisturbed state due to radiation of a radio
wave on at least one of the signal line and the air condi-
tioning electronic control unit.

5. The motor control apparatus according to claim 1,
wherein:

the determining means determines whether the drive com-

mand signal is of an inspection drive command or of a
normal operation drive command based on the at least
one characteristic of the drive command signal;

the control signal generating means generates an inspec-

tion control signal as the control signal when the deter-
mining means determines that the, drive command sig-
nal is of the inspection drive command;

the control signal generating means generates a normal

operation control signal as the control signal when the
determining means determines that the drive command
signal is of the normal operation drive command;
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the drive means increases a rotational speed of the electric
motor at a first rate at time of starting rotation of the
electric motor in a case where the drive means receives
the inspection control signal from the control signal
generating means; and

the drive means increases the rotational speed of the elec-

tric motor at a second rate, which is smaller than the first
rate, at the time of starting the rotation of the electric
motor in a case where the drive means receives the
normal operation control signal from the control signal
generating means.

6. The motor control apparatus according to claim 5,
wherein:

the determining means compares the level of the drive

command signal with the plurality of threshold values
for a predetermined number of times; and

the determining means determines that the drive command

signal is of the inspection drive command only when a
ratio of the number of times, in each of which the drive
command signal is determined as the drive command
signal of the inspection drive command, relative to the
predetermined number of times is equal to or larger than
a predetermined value.

7. The motor control apparatus according to claim 5,
wherein:

the determining means determines that the drive command

signal is of the inspection drive command when a high
level of the drive command signal is larger than a first
threshold value, which is one of the plurality of thresh-
old values, while alow level of the drive command signal
is smaller than the first threshold value and larger than a
second threshold value, which is another one of the
plurality of threshold values and is smaller than the first
threshold value; and

the determining means determines that the drive command

signal is of the normal operation drive command when
the high level of the drive command signal is larger than
the first threshold value while the low level of the drive
command signal is smaller than the second threshold
value.

8. The motor control apparatus according to claim 5,
wherein the control signal generating means increases a duty
ratio of the normal operation control signal from zero to a
normal operation duty ratio, which corresponds to the target
rotational speed of the electric motor specified by the drive
command signal, and then maintains the normal operation
duty ratio.

9. A motor control method comprising:

determining at least one characteristic of a drive command

signal, which is pulsed and specifies a target rotational
speed of an electric motor, by comparing a level of the
drive command signal with a plurality of threshold val-
ues;

generating a control signal based on the at least one char-

acteristic of the drive command signal; and

driving the electric motor based on the control signal.

10. The motor control method according to claim 9,
wherein:

Dec. 17, 2009

the determining of the at least one characteristic of the
drive command signal includes:
computing a first duty ratio of the drive command signal
by comparing the level of the drive command signal
with a first threshold value, which is one of the plu-
rality of threshold values and is preset for an undis-
turbed state where the level of the drive command
signal is normal; and
computing a second duty ratio of the drive command
signal by comparing the level of the drive command
signal with a second threshold value, which is another
one of the plurality of threshold values set to be
smaller than the first threshold value and is for a
disturbed state where the level of the drive command
signal is reduced from that of the undisturbed state;
and
the generating of the control signal includes generating the
control signal, which has a pulse at a motor control duty
ratio that corresponds to one of the first duty ratio and the
second duty ratio, wherein the control signal, which has
the pulse at the motor control duty ratio that corresponds
to the first duty ratio, is generated when a high level of
the drive command signal is larger than the first thresh-
old value, and the control signal, which has the pulse at
the motor control duty ratio that corresponds to the sec-
ond duty ratio, is generated when the high level of the
drive command signal is smaller than the first threshold
value and is larger than the second threshold value while
a low level of the drive command signal is smaller than
the second threshold value.
11. The motor control method according to claim 9,

wherein:

the determining of the at least one characteristic of the
drive command signal includes determining whether the
drive command signal is of an inspection drive com-
mand or of a normal operation drive command by com-
paring the level of the drive command signal with the
plurality of threshold values;
the generating of the control signal includes:
generating an inspection control signal as the control
signal when the drive command signal is determined
to be of the inspection drive command; and
generating a normal operation control signal as the con-
trol signal when the drive command signal is deter-
mined to be of the normal operation drive command;
and
the driving of the electric motor includes:
increasing a rotational speed of the electric motor at a
first rate at time of starting rotation of the electric
motor in a case where the inspection control signal is
generated as the control signal; and
increasing the rotational speed of the electric motor at a
second rate, which is smaller than the first rate, at the
time of starting the rotation of the electric motor in a
case where the normal operation control signal is
generated as the control signal.

sk sk sk sk sk



